Abstract -We describe a simple method based on photoluminescence, which allowed us to determine the absorption spectra of InAsllnAlAs quantum dots at low temperatures.
A. Introduction
Optical absorption, together with photoluminescence spectroscopy (PL), is two of the most important and most frequently used optical characterisation techniques in semiconductor research. While PL can easily be measured in thin (or thick) semiconductor layers, optical absorption measurements based on conventional transmission measurements require that the product of the absorption coefficient, a, and the layer thickness, d, be of the order of unity (ad �l)[l}. In semiconductor layer structures, such as quantum wells or quantum dots CQDs), where layers are typically a few hundred angstroms thick, this condition cannot be met and hence optical absorption measurements are either ignored or done indirectly by using other techniques such as photoluminescence excitation spectroscopy (PLE)[2} or methods based on the thermal detection of the absorbed radiation. PLE, while being a very sensitive technique, usually requires a tunable laser source that is not always available for the specific spectral range, while thermally detected absorption is often difficult to align and/or is complex. In this paper, we shall describe an unconventional method to measure the optical absorption of QDs, which is compatible with thin semiconductor layer structures and only requires the standard PL experimental set-up. We shall demonstrate the suitability of this technique by measuring the absorption spectra ofMBE grown lnAs/lno.52Alo.48 As QDs.
B. Experiments and Discussion
The method we used relies on the absorption of luminescence along the layer structure. The luminescence is excited at the top surface but can be collected in the 'back scattering' geometry as well as from the cleaved edge of the sample which is a distance L from the excitation spot, as is shown in Fig. lao Or, luminescence can be excited at two different points on the sample surface and collected at the cleaved edge of the sample as is shown in Fig. lb . In both cases, the ratio of the luminescence spectra is proportional to exp( aL). This way, the absorption spectrum can be deduced from the PL spectra with great ease and accuracy.
This method of measuring absorption is not new [3] , but has not been used to measure the absorption spectrum of QDs (or any other quantum structure). Since the luminescence spectrum of QDs is relatively broad, the absorption spectrum can be determined in a broad spectral range.
We have used this method to measure the absorption spectra of lnAslIno.52Alo.48As QD samples at T=lOK. The optical system consisted of a conventional PL set-up and included an Ar+ laser, a O.27m spectrometer, a Si photodiode and a lock-in amplifier. Measurements described in this publication were taken at T=lOK. The PL spectra were excited at several points along the sample surface separated by L=500 11m and the luminescent emission were collected at one of the cleaved edges using a low numerical aperture lens. The data were stored in a personal computer (PC), which was also used to calculate the ratio of the PL spectra (ie. the absorption spectrum). The PL and the absorption spectra of an un-annealed InAs/InAlAs sample are shown in Fig. 2 . The absorption spectrum of this sample is found to increase towards higher energies but is otherwise featureless, most likely due to the broad distribution of dot sizes. The PL and absorption spectra of the annealed sample are shown in Fig. 3 , and display the well-known characteristics of high quality QD samples [4] . The transitions between the QD states are quite prominent in the absorption spectrum and show varying amounts of Stoke shifts relative to the emission bands. Similar shifts have been observed by PLE in comparable QD samples by other researchers [5] .
In summary, we have used a technique based on PL to measure the absorption spectrum of QDs.
We have shown that in the spectral range defined by the photoluminescence spectrum of the sample, the optical absorption can be measured. We have shown examples of the absorption spectra ofInAslInAlAs QD samples.
